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Psychological consequences of long COVID: comparing trajectories of
depressive and anxiety symptoms before and after contracting SARS-CoV-2

between matched long and short COVID groups

Abstract

Background: There is a growing global awareness of the psychological consequences of long
COVID, supported by emerging empirical evidence. However, the emergence and long-term

trajectories of psychological symptoms following the infection are still unclear.

Aims: To examine when psychological symptoms first emerge following the infection with SARS-
CoV-2, and the long-term trajectories of psychological symptoms comparing long and short COVID

groups.

Methods: We analysed longitudinal data from the UCL COVID-19 Social Study (March 2020-
November 2021). We included data from adults living in England who reported contracting SARS-
CoV-2 by November 2021 (N=3,115). Of these, 15.9% reported having had long COVID (N=495).
They were matched to participants who had short COVID using propensity score matching on a
variety of demographic, socioeconomic and health covariates (N=962, n=13,325) and data were

further analysed using growth curve modelling.

Results: Depressive and anxiety symptoms increased immediately following the onset of infection
in both long and short COVID groups. But the long COVID group had substantially greater initial
increases in depressive symptoms and heightened levels over 22 months follow-up. Initial increases
in anxiety were not significantly different between groups, but only the short COVID group
experienced an improvement in anxiety over follow-up, leading to widening differences between

groups.

Conclusions: The findings support work on the psychobiological pathways involved in the
development of psychological symptoms relating to long COVID. The results highlight the need for
monitoring of mental health and provision of adequate support to be interwoven with diagnosis and

treatment of the physical consequences of long COVID.
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Introduction

Long COVID (defined as the continuation of symptoms that develop during or after acute infection
with SARS-CoV-2 that cannot be explained by an alternative diagnosis') is estimated to affect
around 10% of people 12 weeks after initial infection, with substantial numbers sustaining symptoms
over six months.2 Long COVID can involve multi-organ complications including affecting the heart,
brain, spleen, liver, blood vessels, gastrointestinal tract, kidneys, pancreas, and lungs.® These
complications involve multiple overlapping disease mechanisms,* and are manifested as a wide
range of physiological symptoms (e.g. fatigue, headache, dyspnea, muscle pain, cardiac
abnormalities and anosmia) and neurological symptoms (e.g. sleep disturbances, problems
concentrating, cognitive impairment).35 However, less well researched are the psychological

symptoms associated with long COVID.

Infection with SARS-CoV-2 is, in itself, associated with psychological consequences, including
depression, anxiety, stress and adjustment disorders, poorer sleep, increased substance use, and
increased use of antidepressants and opioids.*87 Whilst psychological symptoms generally improve
over time, some can linger for substantial periods of time (such as 1 year) without much
improvement, or can even worsen over time.8°2 When focusing specifically on long COVID, a meta-
analysis of 39 studies including over 10,000 people found that 19% of people with long COVID
reported anxiety and 8% depression as one of their symptoms.' But results from individual studies
in some countries have reported much higher prevalence (e.g. 42% for anxiety and 41% for low
mood in a UK study)?, and anxiety and depression are listed on the UK’s official NHS long COVID
symptom list."" However, whilst research is highlighting that psychological symptoms can be a

feature of long COVID, a number of questions remain to be answered.

First, when do psychological symptoms of anxiety and depression first emerge in long COVID
patients? Mechanistically, the ability of coronaviruses (including SARS-CoV-2) to directly infect the
central nervous system (CNS) and cause neuroinflammation and consequential psychiatric
symptoms is well reported.38 Similarly, SARS-CoV-2 has been found to affect the permeability of
the blood-brain barrier, facilitating the entry of peripheral inflammatory cytokines to the CNS, further
increasing neuroinflammation.’213 Systemic inflammation as a result of immune-inflammatory
dysregulation as a result of SARS-CoV-2 infection has also been shown to contribute to psychiatric
and cognitive symptoms in patients.'* So it is plausible that heightened anxiety and depression could
be experienced soon after SARS-CoV-2 infection. However, increased social isolation due to long

COVID symptoms and anxiety related to persistent symptoms could mean that psychological
2
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symptoms in fact emerge and increase during and beyond the acute state of infection amongst long

COVID patients. 1516

Second, does the level of psychological symptoms during the acute stage of SARS-CoV-2 infection
differ amongst people who will go on to have short COVID vs long COVID? A relationship between
the severity of immune-inflammatory dysregulation in patients with SARS-CoV-2 infection and
depressive symptoms 3 months later has been reported,’” as has a relationship between neuro-
immune inflammation and long COVID.' As such, it is possible that initial psychological experiences
around the onset of infection could predict an individual’s risk of developing long COVID. But,
reciprocally, heightened stress, anxiety and low mood at the onset of illness could itself adversely
affect an individual’s recovery from SARS-CoV-2 through increasing or prolonging disruption of
neuro-endocrine and neuro-inflammatory processes.' This has been demonstrated both through
studies showing bidirectional associations between psychological symptoms and neuro-endo-
immune processes as well as genetic studies highlighting pleiotropy between depression and
inflammatory processes, suggesting a shared genetic vulnerability that could help explain the

relationship between a history of mood disorders and long COVID noted in prior studies.'*

Third, what are the longer-term trajectories of psychological symptoms amongst people with long
COVID beyond the acute stage of infection? To date, much research on this topic has been limited
by relatively short-term follow-up (typically of just a few months) and involved limited waves of data
collection during that follow-up. Finer-grained data showing trajectories of psychological symptoms
over time are still lacking. It is possible that following the acute stage of infection, some of the initial
symptoms of psychological distress decline, as can happen for patients with short COVID.20
However, it is also plausible that the reverse is true: the process of dealing with debilitating ongoing

symptoms could exacerbate psychological distress.

Therefore, this study aimed to explore the mental health trajectories of people experiencing long
COVID, compared to those with short COVID using data from the UCL COVID-19 Social Study. To
ensure that any potential differences were not due to imbalances between long and short COVID
patients in socio-demographic factors, histories of mental and physical health prior to infection, or
symptoms of COVID-19 during acute infection, we used propensity score matching (PSM) to
construct two balanced groups of long vs short COVID patients. Further, to differentiate experiences
post-COVID from usual mental health experiences during the pandemic, we used growth curve

models accounting for lockdowns, other social restrictions, and time of the year, tracking individuals
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in the 10 months prior to their infection with SARS-CoV-2 and for 22 months of follow-up. This study
therefore presents one of the largest and longest studies to date of the psychological experiences
of patients with long COVID.

Methods

Data

Data were derived from the University College London (UCL) COVID-19 Social Study (CSS); a large
panel study of the psychological and social experiences of over 75,000 adults (aged 18+) in the UK
during the COVID-19 pandemic. The study commenced on 21 March 2020 and involved weekly and
then monthly (August 2020 to November 2021) online data collection during the pandemic.
Participants were recruited via convenience sampling and targeted recruitment of
underrepresented/vulnerable groups. The study was approved by the UCL Research Ethics
Committee [12467/005] and all participants gave written informed consent. Detailed information on

the study is available online at hitps://osf.io/[m8ral/.

This study used data from participants living in England who completed the special module on
COVID-19 experience in November 2021 (N=22 528). Of these, 4,938 participants (22%) reported
having had COVID-19 by November 2021. We excluded participants (i) with missing data on COVID-
19 specific measures (1%), (ii) who reported infection with SARS-CoV-2 before 215t March 2020
when the study was launched (see Supplementary Figure S1), and (iii) who reported having COVID-
19 more than once due to the ambiguity in identifying long COVID-19 dates. This left us with a
COVID-19 sample of 3,115 participants (see Figure S2 for sample selection).

Measures

COVID and Long COVID

In November 2021, the CSS included a special module on COVID-19 experience. Participants were
asked ‘overall, do you believe you have ever had COVID-19?’ The response options included: (1)
yes, confirmed by a positive COVID-19 test; (2) yes, confirmed by a positive antibody test; (3) yes,
suspected by a doctor but not tested; (4) yes, my own suspicions; (5) No, not that | know of. Due to
challenges in diagnosis of COVID-19, (e.g. prior to mass testing being available, due to test
shortages and access challenges, and due to testing inaccuracies), definitions of long COVID do

not require having had a positive test result, but rather the presence of symptoms that were initially
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suggestive of COVID-19.2" So we considered both positive tests and suspected cases (category 1
to 4) as having had COVID-19. The information on date of contract was also collected: ‘If you have
had COVID-19, when did you first contract it?” Moreover, participants were asked if they considered
themselves to have or have had long COVID, with responses: (1) yes, a medical professional has
formally diagnosed me with long COVID; (2) yes, | have not been formally diagnosed but consider
myself to have Long COVID; (3) no, | do not consider myself to have Long COVID; (4) | am unsure.

This was recoded into a binary variable (yes/no) with unsure being treated as not having COVID.

Mental health outcomes

Depressive symptoms were measured using the Patient Health Questionnaire (PHQ-9),%2 a
standardised instrument for screening for depression in primary care. The questionnaire includes 9
items with 4-point responses with total scores ranging 0-27. Scores of 0-4 suggest minimal
depression, 5-9 mild depression, 10-14 moderate depression, 15-19 moderately severe depression,

and 20-27 severe depression.?? We used the total score as a continuous measure.

Anxiety symptoms were measured using the Generalized Anxiety Disorder assessment (GAD-7),23
a well-validated tool used to screen for generalized anxiety disorder in clinical practice and research.
The GAD-7 comprises 7 items with 4-point responses with total scores ranging 0-21. Scores of 0-4
are thought to represent minimal anxiety, 5-9 are thought to represent mild anxiety, 10-14 moderate

anxiety, and 15 and above severe.?3 Again, the total score was used as a continuous measure.

Time

To examine mental health growth trajectories, a key variable is time. The time variable was

constructed as month since people contracted SARS-CoV-2 (time 0), which took negative values

for the period before infection (-21 to 21). It was calculated based on the self-reported contraction

date and system-generated survey date (see Figure S3 for its distribution). This is relative time as

the starting point (and end point) varied across individuals. We controlled for the month (absolute

time) in which people contracted SARS-CoV-2 considering an individual’s mental health is subject

to the impact of time-related contextual factors (e.g. lockdowns and other restrictions). This was

used as a series of dummy variables.

Covariates

To construct comparable groups (via propensity score matching), a range of factors were taken into

account in our analyses. These included gender (women vs men), ethnicity (white vs ethnic

minorities), age groups (age 18-29, 30-45, 46-59, 60+), education (up to GCSE levels, A-levels or

5
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equivalent, and university degree or above), income (<£16,000, £16,000-29,000, £30,000-59,000,
£60-89,000, 2£90,000 per annum), employment status (employed non-key worker, employed key
worker, other), area of living (city, town, rural), living situation (living alone, living with adults only,
living with children), number of close friends (0 to 10+) and usual social contacts (twice a month or
less, once or twice a week, three times a week or more), self-reported diagnosis of any long-term
physical health condition or any disability (yes vs no), and self-reported diagnosis of any long-term
mental health condition (yes vs no). All above measures were taken from the study baseline when
participants joined the study for the first time. Moreover, we included baseline depressive (PHQ-9)
and anxiety (GAD-7) symptoms when participants joined the study. Finally, we included a few
COVID-19 specific measures, including month when participants had COVID-19 and whether
confirmed by a test (COVID-19/antibody test vs doctor’s/own suspicion). In addition, we considered

self-reported severity of symptoms in the first one to two weeks (severe symptoms vs

minor/asymptomatic).

Statistical Analysis
We employed propensity score matching (PSM) to construct two comparable groups: short COVID

versus long COVID. The propensity score is the probability of being exposed to or having long

COVID based on the observed covariates, which is used to pair participants with short COVID and

long COVID. The two matched groups should have identical or similar distribution of covariates that

are used to estimate the propensity score. We used one-to-one nearest neighbour matching within
a calliper (a quarter of one standard deviation of the sample estimated propensity scores) without

replacement. PSM was implemented using Stata psmatch2 command.

To compare mental health growth trajectories between the two matched groups, data were analysed

using growth curve models. It allowed us to estimate the inter-individual heterogeneity in intra-

individual changes over time. The model included a quadratic time term to allow for non-linear

trajectories (see the Supplement for mathematic equations). As sensitivity analyses, (i) we reran the
analyses using alternative matching methods, namely one-to-many nearest neighbour matching and
kernel matching; (ii) we excluded anyone who said they were ‘unsure’ if they had long COVID; and
(iif) we explored further people’s understanding of the term ‘long COVID'. If individuals reported
believing they had long COVID but subsequently indicated that their symptoms had got better after
2 weeks, they were excluded, as were individuals who reported not having long COVID but who

6
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said they had symptoms lasting more than 4 weeks. The main analysis based on one-to-one
matching were unweighted; whereas growth curve models based on one-to-many or kernel
matching were weighted using weights of matched controls generated by psmatch2. Analyses were

carried out using Stata version 17.

Results

Sample Characteristics

Of the 3,115 participants considered for matching, 495 (15.9%) reported having had long COVID-
19. After matching, 481 participants were successfully matched with a control. There was a
considerable reduction of individual covariates imbalance after matching (Figure S4 and S5). In

total, there were 13,325 observations from 962 participants (13.9 per person).

Sample characteristics by the two matched groups are reported in Table S2 (see Table S1 for PSM
results). 78.2% of participants in the long COVID-19 group were women. Although women were
found to be at a higher risk of long COVID-19 24, it is more than likely that there was an
overrepresentation of women in the sample. However, weights were not applied due to a lack of
credible information on the demographic characteristics of people who had long COVID in England.
Among those with long COVID (N=481), 23.3% of them were formally diagnosed by a medical
professional and 76.7% self-diagnosed (Table S3). Both groups experienced a comparable range

of symptoms from being asymptomatic to being hospitalised (Table S3).

Growth Trajectories
We initially fitted the growth curve model allowing Long COVID grouping variable to be associated
growth rate of the quadratic term. However, there was no evidence supporting this. Therefore, it was

removed from the final model.

In the 10 months before contracting COVID-19 there was no evidence that the two COVID-19 groups
differed in either the intercept or growth rate of depressive symptoms (Table 1 & Figure 1). However,
at the time of infection, people who went on to develop long COVID-19 had 1.3 points higher
depressive symptoms on the PHQ-9 (16% higher) than those with short COVID-19. This equated to
an increase of 35% in depressive symptoms from the month before they contracted SARS-CoV-2
in the long COVID group vs an increase of 18% in the short COVID group and was independent of
all covariates that were included in the PSM model, including initial symptom severity. Over time,

there was no evidence that these two groups differed in the growth rate (“Long COVID*time”
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variable, Table 1), but levels of depressive symptoms remained higher in the Long COVID group

(“Long COVID” variable, Table 1) (Figure S6a additionally shows 95% confidence intervals).
[Table 1 here]
[Table 2 here]

[Figure 1 here]

As for anxiety, in the 10 months before contracting COVID-19 there was no evidence that the two
COVID-19 groups differed in either the intercept or growth rate of anxiety symptoms (Table 2 &
Figure 1). At the time of infection, people who went on to develop long COVID were slightly higher
in their anxiety levels to those who had short COVID (0.52 points higher anxiety symptoms on the
GAD-7; 8.9% higher), but this was not a significant difference (“Long COVID” variable, Table 2).
This equated to an increase of 15% in depressive symptoms from the month before they contracted
SARS-CoV-2 in the long COVID group vs an increase of 13% in the short COVID group. However,
over time, anxiety symptoms of the long COVID group were less likely to decrease compared with
those with short COVID, with an increasing discrepancy in anxiety symptoms by 22 months follow-
up (35% higher in the long COVID group) (“Long COVID*time” variable, Table 2) (Figure S6b

additionally shows 95% confidence intervals).

Sensitivity Analyses

Sensitivity analyses using one-to-many nearest neighbour matching and kernel matching yielded
less balanced matches. Further, there was a significant difference in growth factors of depressive
and anxiety symptoms between the two matched groups before contracting with COVID-19. The
results from the one-to-many nearest neighbour matching are presented in Figure S7 and S8 in the
Supplementary Material. Figure S9 shows the predicted growth trajectories by COVID-19 group from
kernel matching. Good matches were achieved but results were materially unaffected when applying
a more rigorous definition of long COVID (Figure S10) or when excluding people who were unsure

about whether they had long COVID or not (Figure S11).

Discussion
This study examined the mental health trajectories of people who had long COVID-19, compared
with those who had short COVID-19. Infection with SARS-CoV-2 was associated with significant

increases immediately following the onset of infection in depressive and anxiety symptoms in both
8
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groups. In the long COVID group, there was evidence that depression levels rose significantly higher
than the short COVID group following onset of COVID-19, but anxiety levels were not significantly
different between groups. Over time, the long COVID group maintained heightened levels of
depression symptoms compared to the short COVID group, and for anxiety the long COVID group
did not experience the improvements in anxiety seen in the short COVID group, leading to widening

differences in mental distress between the two groups.

This study supports work on the mechanisms at play in the development of long COVID. First,
symptoms of depression and anxiety emerge quickly following the onset of SARS-CoV-2 infection,
with the peak in both symptoms occurring at the first measurement timepoint post-infection (i.e.
within 1 week of reported infection). This points to immediate psychobiological pathways being
implicated in the aetiology of COVID-related mental distress both in long and short COVID. Existing
literature proposes that inflammatory mechanisms could be at play,38 but it is also possible that fear
related to contracting the virus could also exacerbate mental distress, especially since levels of
worries about catching SARS-CoV-2 and potentially becoming seriously ill from it have been
associated with heightened anxiety and depression across the pandemic. Whilst our study included
participants who had a range of symptom experiences from hospitalisation to symptoms being mild
or even asymptomatic, all participants in the study either knew (via testing) or suspected that they
had SARS-CoV-2. We were unable to ascertain whether the reported increases in anxiety and
depression found here were primarily driven by biological processes or psychological processes
(i.e. fear of the virus) as we lacked data on psychological experiences in people with SARS-CoV-2

who were asymptomatic and did not know they had the virus.

Second, even when long and short COVID patients were matched on physical and psychiatric
comorbidities prior to COVID and levels of SARS-CoV-2 symptom severity and even though they
displayed similar trajectories of anxiety and depressive symptoms in the 10 months prior to infection,
those in the long COVID group experienced greater increases in depressive symptoms immediately
following the onset of SARS-CoV-2 infection. This complements previous work suggesting that the
ability of SARS-CoV-2 to raise levels of systemic and neuro-inflammation may be greater in patients
with long COVID and also suggests that whether an individual is likely to experience long COVID is
decided early on in their experience of the virus.'”-'® Notably, there was not a significant difference
in initial increases in anxiety levels between the two groups, which would support theories that the
increase in depressive symptoms amongst long COVID patients is biologically driven by the virus
rather than a manifestation of a greater predisposition to emotional distress during illness.

9
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However, despite the larger initial increase in depressive symptoms in long COVID patients, both
long COVID and short COVID groups experienced parallel decreases in symptoms over time (even
within one month of contracting SARS-CoV-2, despite long COVID patients citing their physical
symptoms persisting beyond this). This could suggest a process of psychological recovery, even
potentially whilst experiencing ongoing physiological symptoms. However, we did not ask
participants about how their symptoms and functioning at follow-up compared to when their virus
started. So some of this improvement in depressive symptoms amongst long COVID patients could
be illustrative of an improvement in long COVID itself (potentially mirroring reductions in levels of
inflammation), whilst for patients who continued to experience physiological symptoms, this
psychological recovery may not have been felt. Further, despite some improvement, levels of
depressive symptoms remained higher in the long COVID group across the entire 22-month follow-
up than in the 10 months prior to infection, whereas the short COVID group returned to baseline or
below baseline levels within 4 months. So any apparent recovery was not complete. Relatedly, levels
of anxiety did not improve over time in long COVID patients over the follow-up, with an increasing
discrepancy compared to short COVID patients. The evident persistence of mental distress in long
COVID patients mirrors findings from previous studies of patients experiencing other coronaviruses.
For example, patients who developed SARS-CoV (“SARS”) in 2003-2004 reported persistent stress
one year later without signs of decrease, even if physical symptoms had improved.25 But it may not
simply be a case of initial anxiety symptoms experienced during acute infection (whether initially
biologically or psychologically driven) persisting, but also a consequence of new psychological
challenges relating to the realisation that one’s initial infection is becoming long COVID and the
associated psychological, social and behavioural consequences of ongoing illness (e.g. challenges
accessing treatments, threat’s to one’s identity and uncertainty about the future).'%16 Notably, whilst
there was a slight increase in depressive symptoms in both groups towards the end of the follow-
up, the confidence intervals widened across the follow-up period as numbers of people who had
contracted SARS-CoV-2 early enough in the pandemic to be followed-up 22 months later
decreased. So this increase is likely a feature of the sample rather than a common pattern amongst

both groups over time.

Our findings highlight that for patients with long COVID, psychological symptoms could persist for
as long as 2 years post-infection, with clear consequences the treatment of long COVID patients.
Barriers to diagnosis with long COVID and subsequent challenges navigating and accessing

treatments can in itself exacerbate long COVID symptoms.’® Given the well-established
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interconnection between psychological and inflammatory processes, these additional treatment-
related stressors could contribute to the prolonging of long COVID symptoms. So it is important that
patients feel listened to, validated, and supported in their diagnosis and treatment.'® There has been
a call for long COVID public health response to include personalised treatment and rehabilitation
and multidisciplinary care.?® Our findings support this call, and further suggest that (i) clinicians
should be aware of the possibility for depression, anxiety and other psychiatric symptoms in patients
with long COVID and recognise that such symptoms may not just be a consequence of ongoing
physical symptoms but may have been primary outcomes from the initial SARS-CoV-2 infection; (ii)
neuropsychological evaluations for patients who are experiencing long COVID could be valuable to
determine whether specialised mental health support is also required, and such evaluations should
not assume a resolution of psychological symptoms in the absence of treatment; and (iii)
psychological support should be provided as part of multidisciplinary care and, given the early onset
of psychological symptoms, early provision of such for patients suspected of having long COVID
should be recommended.® In some countries such as the UK, it has been recommended that mental
health problems alongside or as a result of long COVID can be managed by following existing
relevant guidelines.® However, we recommend that any mental health support needs to be provided
alongside (rather than as a substitute for) broader medical investigation and support for long COVID,
given diagnosis of psychiatric symptoms without adequate attention to other symptoms has been
found to be detrimental to mental health in patients with long COVID.2” Finally, informal mental
health support for patients experiencing long COVID such as peer support groups and community
social and cultural activities via schemes such as social prescribing should be encouraged as
evidence is already suggesting that the broader support and validation of experiences from others

can assist in recovery.6

A main strength of this study lies in repeated monthly follow-ups of the same participant over 22
months since March 2020, allowing the longest and most detailed follow-up to date on psychological
experiences of long COVID patients. By using propensity score matching, we were able to reduce
the observed differences between long and short COVID groups to render them comparable. We
achieved a good quality match, which resulted in equivalent mental health scores in the months
prior to infection, improving the comparability of post-infection mental health changes between
people with short and long COVID. However, we cannot rule out the possibility of potential biases
due to unobserved covariates that are associated with the risk of having long COVID-19 (despite

the wide range of covariates included in our models). Moreover, whilst our sample showed good
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heterogeneity in initial severity of SARS-CoV-2 symptoms and subsequent long COVID
experiences, our sample may not be representative of the population who had (long) COVID,
especially as those with more severe ongoing long COVID symptoms may have been more likely to
drop out of the study. We followed current best practice in epidemiological research in how we
defined long COVID. But some of our patients lacked formal diagnoses, so it is possible that some
participants’ symptoms were caused by alternative illnesses. Additionally, our sample was relatively
heterogeneous in terms of long COVID experiences, with a range of different patterns of symptoms
reported, from persistent acute symptoms for months, to relapsing-remitting symptoms, to low-level
persistent symptoms. Whilst this heterogeneity is typical in the diagnosis category of “long COVID”,
future research could consider whether there are differential psychological experiences depending
on pattern of long COVID symptoms. Finally, our sample relied on participants’ self-report of the
date they contracted SARS-CoV-2. This could have been affected by recall bias. So whilst we found
an increase in psychological symptoms immediately following reported onset of infection, this
increase may have lagged by a few days. Nonetheless, this relatively short lag time does not

undermine the conclusions or proposed mechanisms.

Overall, this study presents the longest and most detailed data on psychological experiences of long
COVID patients to date, answering crucial questions. Psychological symptoms of anxiety and
depression emerge quickly following onset of SARS-CoV-2 in long COVID patients, with levels of
depression rising significantly above levels in patients who go on to experience short COVID. Over
the following two years, whilst there is some decrease in depressive symptoms, they remain above
pre-infection levels, whilst anxiety levels show little signs of improvement. This presents a contrast
to short COVID patients where levels return to below-infection levels within 4 months of infection.
The findings shed light on the psychobiological pathways involved in the development of
psychological symptoms relating to long COVID as well as suggesting that initial psychological
experiences during SARS-CoV-2 infection could be explored further as potential predictors of
subsequent risk of developing long COVID. The results also show that we cannot assume a gradual
organic recovery from the psychological effects of long COVID, highlighting the need for monitoring
of mental health and provision of adequate support to be interwoven with diagnosis and treatment

of the physical consequences of long COVID.
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Figure 1. Predicted growth trajectories of depressive (a) and anxiety (b) symptoms from growth
curve models
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Table 1. Results from growth curve model on depressive symptoms

Before having COVID-19

After having COVID-19

Coef. SE p Coef. SE p
Fixed part
Time -0.03 0.06 0.562 -0.28 0.04 <0.001
Time? 0.00 0.00 0.252 0.01 0.00 <0.001
Long COVID 0.10 0.49 0.837 1.30 0.40 0.001
Long COVID*time 0.01 0.03 0.656 0.02 0.02 0.403
Month of COVID infection
Mar-Apr 2020 (ref) - - - - - -
Apr-May 2020 0.15 0.16 0.369 -0.68 0.35 0.051
May-Jun 2020 -0.33 0.19 0.078 -0.84 0.36 0.021
Jun-Jul 2020 -0.77 0.21 <0.001 -0.87 0.38 0.020
Jul-Aug 2020 -1.24 0.23 <0.001 -1.36 0.39 0.001
Aug-Sep 2020 -1.562 025 <0.001 -143 0.39 <0.001
Sep-Oct 2020 -0.60 0.28 0.032 -0.80 0.40 0.044
Oct-Nov 2020 -0.54 0.32 0.087 0.16 0.41 0.702
Nov-Dec 2020 0.20 0.35 0.581 0.10 0.42 0.817
Dec-Jan 2021 0.42 0.40 0.291 0.11 0.43 0.805
Jan-Feb 2021 0.77 0.44 0.079 0.63 0.44 0.153
Feb-Mar 2021 0.72 0.48 0.134 0.30 0.46 0.515
Mar-Apr 2021 0.30 0.50 0.551 0.03 0.47 0.953
Apr-Apr 2021 0.00 0.54 0.994 -0.56 0.50 0.258
May-May 2021 0.51 0.59 0.389 0.07 0.52 0.892
May-Jun 2021 -0.35 0.63 0.578 -0.68 0.54 0.206
Jun-Jul 2021 -0.16 0.68 0.814 -0.34 0.56 0.543
Jul-Aug 2021 -0.69 0.74 0.351 -0.18 0.58 0.752
Aug-Sep 2021 0.02 0.81 0.982 -0.56 0.60 0.349
Sep-Oct 2021 0.94 1.00 0.343 -0.36 0.62 0.557
Oct-Nov 2021 1.17 1.37 0.395 -0.14 0.64 0.825
Nov-Dec 2021 - - - 0.17 0.64 0.792
Intercept 7.22 0.59  <0.001 8.36 046  <0.001
Random part
Variance of intercept - -
0¢? 35.4 2.29 31.42 1.71
Variance of time g42 0.08 0.01 - 0.04 0.01 -
Covariance gy 0.80 0.12 -- -0.18 0.07 --
Residual g;? 6.88 0.156 - 8.69 0.16 -

17
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NB “Month of COVID infection” represents when people contracted SARS-CoV/-2 considering an
individual’s mental health is subject to the impact of time-related contextual factors (e.g. lockdowns and
other restrictions). Depressive sympfoms were lower on average after the easing of first lockdown

compared to at the start of the pandemic.

Table 2. Results from growth curve model on anxiety symptoms

Before having COVID-19 After having COVID-19

Coef. SE p Coef. SE p
Fixed part
Time -0.07 0.05 0.175 -0.13 0.04 <0.001
Time? 0.00 0.00 0.721 0.00 0.00 0.015
Long COVID 0.53 0.42 0.204 0.52 0.36 0.145
Long COVID*time 0.02 0.03 0.336 0.05 0.02 0.014

Month of COVID infection
Mar-Apr 2020 (ref) - - - - - -

Apr-May 2020 -0.34 0.156 0.026 -1.08 0.30 <0.001
May-Jun 2020 -0.81 0.17 <0.001 -1.17 0.31 <0.001
Jun-Jul 2020 -0.93 0.19 <0.001 -0.96 0.32 0.003
Jul-Aug 2020 -1.21 0.21 <0.001 -1.26 0.34  <0.001
Aug-Sep 2020 -1.19 022 <0.001 -1.33 0.34  <0.001
Sep-Oct 2020 -0.73 0.25 0.004 -0.59 0.35 0.089
Oct-Nov 2020 -0.42 0.29 0.143 -0.33 0.35 0.356
Nov-Dec 2020 -0.27 0.32 0.401 -0.47 0.37 0.198
Dec-Jan 2021 0.33 0.36 0.364 -0.39 0.37 0.301
Jan-Feb 2021 0.32 0.39 0.415 -0.07 0.39 0.863
Feb-Mar 2021 0.10 0.43 0.815 -0.38 0.41 0.350
Mar-Apr 2021 -0.04 0.45 0.929 -0.52 0.42 0.210

18



Apr-Apr 2021 -0.32 0.48 0.509 -0.88 0.44 0.045
May-May 2021 0.18 0.52 0.729 -0.40 0.46 0.387
May-Jun 2021 -0.66 0.56 0.244 -0.67 0.48 0.162
Jun-Jul 2021 0.00 0.61 0.997 -0.42 0.50 0.400
Jul-Aug 2021 -0.27 0.66 0.682 -0.50 0.51 0.333
Aug-Sep 2021 0.08 0.72 0.907 -0.55 0.53 0.300
Sep-Oct 2021 0.42 0.89 0.634 -0.41 0.55 0.457
Oct-Nov 2021 -0.61 1.24 0.622 -0.36 0.57 0.527
Nov-Dec 2021 - - - -0.01 0.57 0.987
Intercept 5.53 0.52 <0.001 6.28 0.41 <0.001
Random part

Variance of intercept - -
0¢? 26.3 1.69 25.69 1.39

Variance of time g42 0.04 0.01 - 0.03 0.00 -
Covariance gy 0.39 0.08 -- -0.18 0.05 --
Residual g;? 5.96 0.13 - 6.44 0.12 -

NB “Month of COVID infection” represents when people contracted SARS-CoV/-2 considering an

Page 20 of 31

individual’'s mental health is subject to the impact of time-related contextual factors (e.g. lockdowns and

other restrictions). Anxiety sympftoms were lower on average after first lockdown was infroduced compared

fo at the start of the pandemic.
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Supplementary Material

Model specification:

Yi; = mo + mytime;; + matimel + g (Eqg. 1)

Toi = Yoo + Yo1group; + yormonth; + {o; (Ea. 2)

T1; = Y10 + Y11970up; + {1 (Eq. 3)
o1 = Y20 + Y21970up; + {2 (Eq. 4)

The growth curve model is presented mathematically in Equation (1) to (4). Equation (1) addresses

intra-individual growth where Y;;, depressive or anxiety symptoms for the individual i at time j, is a

ij
function of time and its quadratic term. m(; represents the individual i's initial status. m;; and my;
represent growth rates and ¢; is the residual term. Equation (2) to (4) addresses inter-individual
differences in the initial status (intercept) and growth rates. yqo, y10and y,o represent the population

average initial status (intercept) and growth rates. ¢y;, {1; and {,; are parameter residuals.
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Table S1 Results from Propensity Score Matching (one-to-one matching without replacement)

Coef. SE 95% Cl p
Women (vs men) -0.33 0.13 [-0.60--0.07] 0.013
Ethnic minority (vs white) 0.30 0.23  [-0.16-0.76] 0.197
Age 30-45 (vs 18-29) 0.48 0.24 [0.01-0.95] 0.046
Age 46-59 (vs 18-29) 0.45 0.24 [-0.01-0.91] 0.056
Age 60+ (vs 18-29) 0.64 0.26 [0.13-1.14] 0.013
Education: A levels or equivalent (vs GCSE or below) -0.23 0.19 [-0.60-0.13] 0.208
Education: Degree or above (vs GCSE or below) -0.40 0.16 [-0.72--0.09] 0.013
Income: <£16,000-29,999 (vs <£16,000) -0.18 0.19 [-0.55-0.19] 0.334
Income: <£30,000-59,999 (vs <£16,000) -0.25 0.19 [-0.61-0.12] 0.187
Income: <£60,000-89,999 (vs <£16,000) -0.48 0.22 [-0.91--0.05] 0.029
Income: 2£90,000 (vs <£16,000) -0.93 0.26 [-1.43--0.42] <0.001
Employed, non-keyworker (vs Employed, keyworker) 0.14 0.13  [-0.11-0.39] 0.282
Not employed (vs Employed, keyworker) -0.03 0.15 [-0.32-0.27] 0.864
Area of living: Town (vs City) 0.09 0.12  [-0.15-0.34] 0.452
Area of living: Rural (vs City) 0.51  0.15 [0.21-0.81] 0.001
Living with adult only (vs Living alone) 0.13  0.17 [-0.2-0.46] 0.444
Living with children (vs Living alone) 0.39  0.18 [0.03-0.74] 0.032
Number of close friends -0.01  0.02 [-0.05-0.03] 0.655
Social contact: Once or twice a week (vs Twice a month or less) -0.08 0.13 [-0.33-0.18] 0.553
Social contact: Three times a week or more (vs Twice a month orless) -0.05 0.14  [-0.33-0.23] 0.733
Physical health condition: Yes (vs No) 0.32 0.11 [0.10-0.54] 0.004
Mental health condition Yes (vs No) 0.01 0.15 [-0.28-0.29] 0.955
Baseline depressive symptoms  0.05  0.02 [0.02-0.08] 0.002
Baseline anxiety symptoms  0.00 0.02 [-0.03-0.04] 0.885
Month had COVID-19 -0.09 0.01 [-0.11--0.07] <0.001
Confirmed by testing (COVID-19 or antibody test): Yes(vsNo) 0.69 0.14 [0.41-0.98] <0.001
Severe symptoms (hospitalised or had to stay in bed): Yes(vsNo) 1.37 0.13 [1.12-1.63] <0.001
Constant -2.47 041 [-3.28--1.66] <0.001




Table S2 Sample characteristics by matched Covid-19 group

Long Covid Short Covid

(N=481) (N=481)

Gender Men 21.8% 21.0%
Women 78.2% 79.0%

Ethnicity White 94.2% 95.0%
Ethnic minority 5.8% 5.0%

Age group 18-29 6.0% 7.7%
30-45 31.6% 30.8%

46-59 39.1% 38.9%

60+ 23.3% 22.7%

Education GCSE or below 15.4% 16.6%
A levels or equivalent 19.5% 18.7%

Degree or above 65.1% 64.7%

Annual income <£16,000 14.3% 14.8%
<£16,000-29,999 23.7% 22.7%

<£30,000-59,999 38.3% 41.0%

<£60,000-89,999 16.2% 15.0%

>£90,000 7.5% 6.7%

Employment status Employed, keyworker 39.1% 40.1%
Employed, non-keyworker 32.6% 31.0%

Not employed 28.3% 28.9%

Area of living City 32.0% 31.0%
Town 46.8% 48.2%

Rural 21.2% 20.8%

Living status Living alone 14.8% 12.5%
Living with adult only 48.2% 50.7%

Living with children 37.0% 36.8%

Social contact Twice a month or less 35.3% 33.7%
Once or twice a week 33.3% 33.3%

Three times a week or more 31.4% 33.1%

Number of close friends 4.7 (3.1) 4.8 (3.1)
Physical health condition Yes 44.1% 44.1%
No 55.9% 55.9%

Mental health condition Yes 23.1% 23.9%
No 76.9% 76.1%

Baseline depressive symptoms 8.3(5.9) 8.2 (6.0)
Baseline anxiety symptoms 6.5 (5.4) 6.4 (5.2)
Month had COVID-19 10.5 (6.5) 10.3(7.1)
Confirmed by testing (COVID-19 Yes 74.6% 72.8%
or antibody test) No 25.4% 27.2%
Severe symptoms (hospitalised or  Yes 81.7% 82.5%
had to stay in bed) No 18.3% 17.5%
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Table S3. Detailed Covid experience measures by matched Covid-19 group

Long Covid Short Covid Total
Yes, a medical professional has formally diagnosed me 112 - 112
with long Covid 23.3% 11.6%
Yes, | have not been formally diagnosed but consider 369 - 369
Test myself to have Long Covid 76.7% 38.4%
No, | do not consider myself to have Long Covid -- 369 369
76.7% 38.4%
| am unsure -- 112 112
23.3% 11.6%
Total 481 481 962
100% 100% 100%
| was hospitalised 30 16 46
6.2% 3.3% 4.8%
| experienced symptoms and had to rest in bed 363 381 744
75.5% 79.2% 77.3%
) | experienced symptoms but was able to carry on with 79 71 150
(Sf‘?:’si”ltyz weeks) Oy activities 16.4%  14.8% 15.6%
| was asymptomatic 9 13 22
1.9% 2.7% 2.3%
Total 481 481 962
100% 100% 100%
My symptoms were worse at the beginning (the first 1- 23 179 202
2 weeks) and then got better 4.8% 37.6% 21.2%
My symptoms were worse at the beginning (the first 1- 152 167 319
2 weeks) and then mostly got better but some lingered 32.0% 35.1% 33.5%
After the first 1-2 weeks, my symptoms got better but 67 21 88
then the same symptoms kept coming back 14.1% 4.4% 9.3%
After the first 1-2 weeks, my symptoms got better but | 60 15 75
then developed new symptoms 12.6% 3.2% 7.9%
Most of my symptoms lasted for 2-3 weeks 25 39 64
Symptoms 5.3% 8.2% 6.7%
Most of my symptoms lasted for 4-12 weeks 62 23 85
13.1% 4.8% 8.9%
Most of my symptoms lasted for more than 12 weeks 81 6 87
17.1% 1.3% 9.2%
| cannot answer this question (e.g. you had COVID very 5 26 31
recently) 1.1% 5.5% 3.3%
Total 475 476 951
100% 100% 100%




